Hereford calves were infested with Psoroptes ovis. Hemograms were evaluated weekly for 7 weeks during progressively extensive dermatitis and compared to uninfested control calves. Calves were treated with ivermectin and weekly hemograms were compared for 4 weeks during regression of clinical disease. They developed extensive dermatitis and marked decreases in total white blood cells, neutrophils, and lymphocytes.
Psoroptes ovis causes a severe exudative dermatitis in cattle. I4 Progressive extension of skin lesions is caused by expanding mite populations on susceptible animals. The mechanism of disease appears to be hypersensitivity to mite digestive fluid antigens. The extent of body surface manifesting dermatitis is positively correlated with the density of the mite pop~lation.'~ Latent infestations are characterized by very low numbers of inactive, non-feeding mite~.*,~J* During progressive psoroptic scabies, mite populations increase in density and 100% of the cow's body surface will manifest dermatitis. Cattle develop serum antibody titers to P. ovis antigen^^.^ and may acquire resistance expressed as less extensive dermatitis.' The oviposition rate of female P. ovis on resistant cattle is 50% less than on susceptible ~a t t l e ,~ indicating that the resistance mechanism operates against mite fecundity and controls population density. Nevertheless, significant production loss occurs when 15-30% of the body has dermatitis, and death may occur when the extent reaches 4OYo. l Previous studies of the disease indicated marked superficial dermal edema and massive serum protein loss through the skin.14 However, severely infested calves maintained normal hydration, serum osmolality, fluid, and electrolyte concentrations. Significant decreases in serum anion gap were attributed to hypoalbuminemia. Mild changes in urine-specific gravity and Na fractional clearance were interpreted as responses for water conservation well within the physiologic range. Significant hyperfibrinogenemia, hypergammaglobulinemia, and mild hypoalbuminemia were consistent with chronic inflammation, immunoglobulin synthesis, and compensated albumin 1 0~s . '~ Although these changes, with massive cutaneous serum loss, were sufficient to explain the reduced performance by feedlot steers infested with P. ovis, they did not seem important in determining cause of death.
Hematologic profiles of calves with scabies indicated a moderate, non-regenerative anemia compatible with chronic inflammation. Infested calves also had significant leukopenia (33% decrease), resulting from moderate lymphopenia (40-45% decrease) and profound neutropenia (60% decrease). Eosinophilic responses were very individualized. Some calves developed eosinophilia, some did not. Moreover, hematologic changes were strongly correlated with the extent of dermatitis (for neutrophils, r2 = 0.78, P = 0.001).13
Because severe, persistent neutropenia could be a lifethreatening complication, additional studies were conducted to determine the pathogenesis of the hematologic changes.
Earlier investigators hypothesized that disease might be caused by a mite-associated toxin or a toxic substance generated or maintained in the scab.s The abundance of bacterial and mycotic agents seen in the scab are a potential source of marrow suppressive agents.
Bone marrow biopsy of P. ovis-infested calves, however, revealed myelocytic hyperplasia and depletion of mature myeloid cells, interpreted as rapid mobilization out of the marrow. The myelograms indicated that neutropenia was not due to centrally mediated myeloid suppression. l5 Because stanchioned calves are unable to groom, they retain the dense layer of scabby exudate for several weeks following acaricide administration, and the contribution of both mites and scab to the systemic disease can be independently evaluated. Accordingly, our objectives in this study were to examine the hematologic changes during progressive scabies and compare them to changes after the mites were killed during a period when the scab remained on the skin. By correlating changes in hemograms and the presence of scab with living and dead mites, we hoped to determine the role of active mites and a potential scab-associated toxic substance in the pathogenesis of scabies.
Materials and Methods
Twelve Hereford heifers, approximately 6 months old, were purchased from a local auction near Kerrville, Texas. These calves weighed 130-190 kg and had no known previous exposure to Psoroptes ovis. Calves were vaccinated for blackleg, treated with ivermectin, penicillin-streptomycin, and coumaphos, and housed in a stanchion barn as previously described.s Six calves were infested with 500 P. ovis each, by placing mites on the withers. Six calves were maintained as uninfested controls.
Mite population density and the extent of dermatitis on each calf was determined weekly using a method described earlier.* All calves were bled weekly from the jugular vein. Hemograms were determined by the Texas Veterinary Medical Diagnostic Laboratory in Amarillo. At 7 weeks after infestation, each calf was given a single dose of ivermectin (200 &kg administered intramuscularly) to remove the mites. This dose is known to completely control scabies on cattle within 1 to 2 weeks.8J1,17 Calves remained stanchioned so they could not groom off the accumulated scab. Estimates of mite population density, extent of scab, and hemograms were obtained weekly for one month after ivermectin.
All data were analyzed with a statistical package (Statgraphics; STSC, Inc., Rockville, MD) on a personal cornputer. Weekly hematologic values were analyzed using both one-way and two-way analysis of variance models (ANO-VA). Means were compared with the Scheffk, Tukey's, and least significant difference multiple range tests. Variances were compared using both Bartlett's and Cochran's tests for homogeneity. Data sets with significantly different variances were also analyzed with the Kruskal-Wallis one-way analysis of variance. All test statistics were considered significant if the P value was ~0 . 0 5 .
Results
Infested calves showed no signs of dermatitis for 2 weeks. At 3 weeks, the P. ovis-infested calves had clinically apparent dermatitis covering about 14% of the skin area. Dermatitis was rapidly progressive over the next 4 weeks, covering 100°/o of the skin surface area by 7 weeks after infestation. A rapid and parallel increase occurred in the P. ovis population during this period ( Fig. 1) . One week after ivermectin administration, there was a striking decrease (92Yo) in the mite population density. By 2 weeks after treatment, there were essentially no living mites on the infested calves.
During the 4 week post-ivermectin treatment period, the infested calves retained the dense, scabby exudate over the entire skin surface ( Fig. 1 ). Control calves never developed dermatitis. One control and one infested calf (No. 364 and No. 380, respectively) died during the experiment from complications with the stanchion. Calf No. 38 1 died from advanced psoroptic scabies 3 weeks after treatment.
Progressive changes in hemogram parameters developed in P. ovis-infested calves during the first 7
weeks of the experiment. There were no significant differences in any parameters between the infested and control groups 1 week after infestation. The first significant differences between the groups became apparent 3 to 4 weeks after infestation. Significant differences in mean erythrocyte (RBC) count between control and infested calves occurred at 4, 5, 6, and 7 weeks after infestation and 2 and 3 weeks after treatment (Fig. 2 ).
Differences between weeks in the control calves were not significant. Significant differences in mean total leukocyte (WBC) count occurred between both groups and between weeks in the infested calves but not between weeks in the control calves ( Fig. 3) . There were moderate to marked decreases in the WBC count 4, 5, 6, and 7 weeks after infestation in the infested calves. A marked increase occurred 1 week after treatment. A nearly identical pattern of changes was observed in the neutrophil counts ( Fig. 4) . Between 3 and 7 weeks after infestation, there was a significant decrease (50-75%) in the neutrophil count in the infested calves when compared to week 1, The differences in neutrophil counts between the groups at those intervals were real as determined by both ANOVA and the Kruskal-Wallis test. One week after treatment, the neutrophil numbers in infested calves markedly increased to the control range. A mild neutrophilia without a left shift occurred in control calves 5 weeks after infestation. One week before treatment, the calf which died of scabies (No. 38 1) developed a neutrophilic leukocytosis with slight left shift. This increased in magnitude until the third week after treatment when there were 26,160 segmented neutrophils and 960 bands per ~1 .
The calf died between 3 and 4 weeks after treatment. A necropsy was not done. Changes in the mean lymphocyte counts were remarkably similar in both infested and control calves at each interval (Fig. 5 ). Mean number of lymphocytes increased, then decreased, in both groups during the first 5 weeks of the experiment. Six and 7 weeks after infestation, lymphocyte counts in the infested calves remained significantly lower than 1 week after infestation. In contrast, lymphocyte counts in control calves increased after 5 weeks. Significant differences in lymphocyte counts occurred between the two groups only at 6 and 7 weeks after infestation. One week after treatment with ivermectin, the lymphocyte count increased . approximately 35%, and by 3 weeks after treatment, it was the same as that in control calves.
Mean eosinophil counts were significantly higher in the infested calves than in the control calves. However, changes between weeks in the mean eosinophil counts were not significantly different in either group. A look at changes in eosinophils by individual animals, however, clearly indicates that some animals responded during the experiment (Figs. 6, 7) . Within the control group, eosinophil counts vaned considerably at or below l,OOO/pl in five calves. One calf developed eosinophilia greater than 2,0OO/pl. In the P. ovis-infested group, three calves had eosinophil counts at or below the l,OOO/pl level during the entire experiment. However, three calves (Nos. 377, 378, 379) developed a consistent eosinophilia which peaked above 2,000 cells/ pl between 1 and 2 weeks after treatment with ivermectin. By 3 weeks after treatment, eosinophil counts in all infested calves were below 500 cells/pl. Consistent, significant differences in mean plasma fibrinogen and mean plasma protein occurred both be- 
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tween the infested and control groups as well as between weeks within the infested calves. Differences between weeks in these parameters in the control calves were not significant. Plasma fibrinogen began to increase between 3 and 4 weeks after infestation, reaching a maximum at 7 weeks. A rapid decrease occurred 1
week after treatment with ivermectin. Two to 3 weeks after treatment, fibrinogen had returned to pre-clinical disease values (Fig. 8) . Plasma protein concentration was significantly increased in infested calves 3 weeks after infestation. It continued to steadily increase, reaching a maximum 1 week after treatment with ivermectin, then began to decrease. Four weeks after treatment, plasma protein concentration in the infested calves was still significantly greater than that in control calves but was approaching pre-clinical disease values ( Fig. 9 ).
Discussion
Infestation of calves with P. ovis caused a rapidly progressive exudative dermatitis. The changes in hematologic parameters were significant when compared to controls and were similar in direction to those described previously. l 3 The changes in most parameters were not significant until after dermatitis was clinically evident. From 3 to 7 weeks after infestation, consistent decreases in total white blood cells, neutrophils, lymphocytes, and erythrocytes, and increases in plasma fibrinogen and plasma protein, paralleled the progressive increases in the extent of dermatitis and the P. ovis population density. This supports the earlier conclusion that severity of hematologic changes is strongly correlated with the number of mites and extent of dermatitis on the calf. l 3 Clearly, hematologic changes were closely associated with development of the scabby exudate, since there were few significant differences before its development. A slight increase in plasma protein and a marked decrease in neutrophils were the only significant changes evident when the scab first appeared, making these parameters the earliest and most sensitive indicators of psoroptic scabies.
Although the scab remained on the infested calves 4 weeks after treatment with ivermectin, hematologic parameters began to return toward normal within 1 week after treatment. The most rapid return to normal occurred in the total white blood cell count and the neutrophil count. Both of these parameters were within the normal range within 1 week. Improvements in plasma fibrinogen and lymphocytes began within 1 week after treatment, but these parameters did not return to their normal ranges until 2 to 3 weeks after treatment. Although erythrocyte counts and plasma protein concentration did not approach their respective pre-clinical disease values until 4 weeks, these parameters be- gan to change immediately after treatment. Only eosinophil counts and plasma protein in infested calves reached their maximum values after the mites were killed. Since nearly all mites were killed within 1 week after treatment with ivermectin, we conclude that clinical disease in psoroptic scabies is dependent upon living mites with a minimal contribution from the scab.
This negates the previously suggested hypothesis of a toxic substance within the scab.
Both neutrophils and eosinophils seem to be the most responsive cells in bovine peripheral blood to P.
ovis. The observed changes in total white blood cell counts reflect the marked, rapid changes in neutrophils and are only partially dampened by the slower responses of the more numerous lymphocytes. Earlier studies showed intense proliferation of neutrophilic and eosinophilic myelocytes with depletion of mature cells in sternal bone marrow of calves with severe psoroptic scabies. This response is compatible with increased rates of peripheral utilization of efflux.'O Postmortem examination of calves with advanced scabies revealed no anatomic lesions anywhere except skin.13 Although neutrophils are not a dominant feature of the inflammatory response in the dermis,I4 the dense seropurulent scab which forms on the surface of the skin of calves with scabies is a potential site for neutrophil utilization. Rapid emigration of neutrophils from the vascular compartment into the scab over an extensive surface area could consume enough cells to cause neutropenia without leaving large accumulations of neutrophils within the dermis. Whatever the mechanism of the neutropenia is, it must explain the rapid return to normal after mites are killed. It is particularly significant that the calf that died of advanced scabies developed a progressive and marked neutrophilic leukocytosis. Unfortunately, a postmortem examination was not done on this calf. Because the neutrophilia developed during the period of persistently depressed neutrophil counts before treatment, there is a possibility that a secondary infection such as pneumonia may be the key pathogenic event in fatal scabies. In an earlier study, one calf which died with severe scabies had pneumonia.' Furthermore, it also indicates that while P. ovzs-infested calves have decreased neutrophils, they retain the ability to generate neutrophilia with a left shift if challenged. This observation, together with a proliferative bone marrow response and rapid recovery after treatment, seems incompatible w i t h neutropenia due to decreased survival, decreased granulopoiesis, or endotoxemia, and supports a conclusion of rapid efflux as the cause of decreases in the circulating neutrophil pool.
Changes in eosinophils were consistent within individual calves but vaned considerably between them. Earlier experiments documented eosinophilia in con-trol as well as in P. ovzs-infested calves. l 3 Perhaps cattle housed indoors are exposed to a continuous rain of antigens which, when inhaled, ingested, or accumulated on skin, stimulate eosinophilia in responder animals. In any case, three of the infested calves developed unmistakable eosinophilia at varying times after infestation. The maximal eosinophilia in all three calves, however, occurred 1 to 2 weeks after treatment and subsided rapidly by 3 weeks after treatment. This pattern suggests a large eosinophil response by some calves to synchronous death of the mites. Eosinophils are abundant in the skin of calves with ~cabies.'~ Their occurrence suggests that hypersensitivity has a role in the pathogenesis of dermatitis in psoroptic scabies. Recent evidence suggests that eosinophilia against parasite antigens in mice is regulated by T lymphocytes and is genetically controlled.I6 The failure of some calves to develop eosinophilia when challenged with P. ovis could reflect genetic differences in the capacity to make or respond to lymphokines or inflammatory mediators, and thus explain the individualized eosinophil responses in this study.
Changes in other components of the hemogram were less specific. The remarkable parallel change in lymphocytes in both groups of calves during the iirst 5 weeks of the environment probably represents a response to stress during adjustment to the stanchion. The differences after 5 weeks most likely reflect continued stress due to chronic dermatitis in infested calves with return to control values following treatment. Fibrinogen, an excellent indicator of inflammation in cattle, increased and decreased rapidly because of its role in the acute phase response and relatively short half-life in plasma, respectively. Plasma protein, in contrast, increased and decreased more slowly, probably due to the longer plasma half-life of globulins, which have been shown to increase in psoroptic scabies. l 3 Neutrophils are the most sensitive indicator of progressive and regressive psoroptic scabies in cattle. Their decrease in peripheral blood, sometimes to numbers equivalent to absolute neutropenia, is closely associated with active mites and may be caused by rapid efflux from the circulating granulocyte pool. Persistently decreased numbers of circulating neutrophils may compromise host defenses in the gastrointestinal and respiratory tracts and predispose to secondary infections which cause death in some cases of severe scabies. Variable eosinophilia probably represents individualized genetic capacities in the ability to respond to P. ovis antigens. Additional studies correlating changes in peripheral blood granulocytes with dermal inflammatory cells are in progress and should further define the relationship between host hematologic parameters and the dermatitis of psoroptic scabies.
